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Cladosporium wernecki, the etiological agent
of tinea nigra palmaris or keratomycosis nigricans
palmaris, causes a chronic superficial mycotic
infection of the skin, usually affecting the palmar
aspects of the hands and fingers. The lesions
appear as grayish to black patches of varying
sizes, discrete or confluent, sometimes slightly to
moderately raised, and occasionally, scaly. The
color has been likened to that of stains by silver
nitrate or India ink. The disease is usually
asymptomatie, with itching as an infrequent com-
plaint.
The organism can be cultured, from scrapings
of skin lesions, on Sabouraud's dextrose agar. It
appears as a black, moist, shiny yeast-like colony,
which later develops into a grayish black to jet
black colony with a velvety surface growth.
Microscopic examination of the black yeast-like
colony reveals the presence of budding cells pro-
duced laterally from dark hyphae. There are also
small clusters or short chains of conidia, with one
to three septations, produced from short conid-
iophores arising from the sides of the hyphae (1).
Very little is known about the nutrition and
metabolism of Cladosporium wernecki. Studies
on its carbon, nitrogen and vitamin requirements
for growth and pigmentation may provide a clue
to the explanation for its ability to impart black
coloration to the clinical lesions it produces, in
contrast to other fungi like Hormoden.drum
pedrosoi, Hormodendrum cornpact urn, Phialophora
verrucosa and ,Sporotrichum schenckii. The latter
fungi are also characterized by dark colony
growth on laboratory media, but the lesions they
produce are essentially devoid of black pigmenta-
tion.
MATERJALS AND METHODS
Five strains of Cladosporium wernecki were
used to study their carbon, nitrogen and vitamin
requirements on chemically defined synthetic
media. Four of these strains—1522, 1525, 1567,
and 1886M—were obtained from Dr. A. E. de
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Area Leäo, of the Instituto Oswaldo Cruz, Rio
de Janeiro, Brazil. Strain C-53 was provided by
Dr. Margarita Silva, of the Columbia University
College of Physicians and Surgeons, New York
City.
The basal medium used consisted of the fol-
lowing compounds in the amounts indicated per
liter of solution, as recommended in the Difco
Manual (2):
Trace elements:
Boric acid
Copper sulfate
Ferric chloride
Manganese sulfate
Potassium iodide
Sodium molybdate
Zinc sulfate
Salts:
Calcium chloride
Magnesium sulfate
Potassium phosphate,
monobasic 1.0 gram
Sodium chloride 0.1 gram
When the basal medium was used to determine
carbon utilization, 0.5 per cent ammonium sulfate
was added as the nitrogen source. The basal
medium was autoclaved for 15 minutes at 120°C.
Solutions of the carbon sources in distilled water
were sterilized separately by filtration through
ultra-fine fritted bacterial discs, then added
aseptically to the basal medium. The carbohy-
drates and alcohols were made up to a final con-
centration of 1 per cent; o-cresol and phenol, to
0.1 per cent; and the salts of organic acids, to 0.15
per cent. Dulcitol, starch, dextrin, inulin, arabin,
and xylan were added to the basal medium before
autoclaving because of their poor solubility.
Paraffin (M.P. 56—58°C., Fisher Scientific Co.) was
used by adding 50 milligrams to each tube of basal
medium before autoclaving (3). All carbon com-
pounds used were of the purest grade available
from the Nutritional Biochemical Co., J. T.
Baker Chemical Co., and Merck & Co.
For the nitrogen utilization studies, 1 per cent
dextrose was used as the carbon source. The fol-
lowing sources of nitrogen were added to a liter of
basal medium as indicated in Table I and auto-
claved for 15 minutes at 120°C:
a. Inorganic nitrogen (used separately)
500 micrograms
40 micrograms
200 micrograms
400 micrograms
100 micrograms
200 micrograms
400 micrograms
0.1 gram
0.5 gram
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TABLE I
Utilization of carbon and nitrogen by
Cladosporium wernecki
.Media
Amount of Growth
After Four Weeks'
Incubation
1. Basal medium None to trace
2. Basal medium + amino acid
nitrogen Trace
3. Basal medium + ammonium
nitrogen Trace
4. Basal medium + nitrate ni-
trogen Trace
5. Basal medium + amino acid
nitrogea + ammonium
nitrogen None to trace
6. Basal medium + dextrose
carbon Good
7. Basal medium + amino acid
nitrogen + dextrose
carbon Good
S. Basal medium + ammonium
nitrogen + dextrose
carbon Good
9. Basal medium + nitrate ni-
trogen + dextrose carbon.. Good
10. Basal medium + amino acid
nitrogen + ammonium ni-
trogen dextrose carbon. .. Good
11. Sabouraud's dextrose Good
12. Yeast morphology agar
(Difco) Good
13. Plain agar None to trace
14. Distilled water None to trace
Ammonium sulfate 5.0 grams
Sodium nitrate 2.0 grams
b. Organic nitrogen (used together)
1-Histidine mono-
hydrochloride 10.0 milligrams
dl-Methionine 20.0 milligrams
dl-Tryptophane 20.0 milligrams
The vitamin requirements were studied on a
vitamin-free dextrose basal medium with 0.5 per
cent ammonium sulfate and amino acids as nitro-
gen sources. To the above medium the following
concentrations of vitamins were added per liter of
medium:
The agar used for making up the solid media in
these experiments was washed and purified ac-
cording to Robbins' method (4).
The sensitivity of Cladosporium wernecki to
different hydrogen ion concentrations of the cul-
ture media was determined on a basal medium
with 1 per cent dextrose and 0.5 per cent am-
monium sulfate. The pH, as determined by a glass
electrode potentiometer, was adjusted in intervals
of 0.5 from pH 2.0 to pH 10.5 by adding 1 N HCI
or 1 N NaOH. The solutions were not buffered at
these hydrogen ion concentrations, and were
sterilized by filtration.
In all the above experimental set-ups, the
media were poured into tubes in 10 ml. amounts.
For the initial studies, duplicate sets of experi-
ments were done: using the different media in
solid form as 1.5 per cent agar tube slaats; and, in
liquid form, following the platform method pro
posed by Williams (5) for demonstrating grov
and pigmentation of fungi. The platforms w
prepared as strips of white blotting paper whit
were bent twice so that a horizontal portion
would just fit into a test tube with two legs to act
as supports extending to the bottom of the tub
The liquid medium was added almost to the plat
form on which the inoculum was placed. The leg
kept the platform supplied with moisture and
nutrient by absorption.
Approximately two weeks' old cultures of the
organisms on Sabouraud's dextrose agar slants
were used for the inoculum. A portion of the
culture was removed, finely divided with a
scalpel as uniformly as possible, and washed with
sterile distilled water. The test medium was
inoculated with a piece of the finely divided cul-
tures. All tests were made in duplicate, and con-
trols were inoculated simultaneously.
The cultures were incubated at room temper-
ature and examined two and four weeks after
inoculation. The growth in the experimental tubes
was compared with the control growth of the
organisms on distilled water, 1.5 per cent agar,
basal medium agar and broth, Sabouraud's dex-
trose agar and broth, and Yeast Morphology Agar
(Difco).
RESULTS AND DISCUSSION
Utilization of Carbon Sources
p-Aminobenzoic acid 200 micrograms The results as shown in Table I confirm the
Biotin
Calcium pantothenate
Folic acid
Inositol
Niacin
Pyridoxine hydrochloride
Riboflavin
2 micrograms
400 micrograms
2 micrograms
2000 micrograms
400 micrograms
400 micrograms
200 micrograms
known indispensability of carbon for the growth
of organisms. At most, only traces of growth
appeared on media with no added source of
carbon. This minimal growth, which was also
observed on distilled water and plain agar, may
be attributed to the use by organisms of the
Thiamine hydrochloride 400 micrograms small amounts of nutrients unavoidably carried
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over with the inocula, even after several washings.
The organisms were apparently unable to utilize
the sources of carbon that were conceivably
present in the agar and in the blotting paper used
for the platforms.
All of the strains were able to utilize most of
the carbon compounds studied. The following
compounds were utilized, as evidenced by good
growth comparable to that on the control Sa-
bouraud's dextrose medium: the pentoses, d( —)
arabinose, l(+) arabinose, d(—) ribose, d(+)
xylose; the hexoses, d( +) dextrose, beta-glucose,
d(+) galactose, d(—) levulose, d(+) mannose,
l( +) rhamnose, l( —) sorbose; the disaccharides,
d(+) cellobiose, d(+) lactose, beta-lactose, d(+)
maltose, d(+) melibiose, sucrose, d(+) trehalose;
the trisaccharides, d( +) melezitose, d( +) raf-
finose; the pot ysaccharides, arabin, dextrin, inulin,
starch, xylan; and the alcohols, dulcitol, l-erythri-
tol, glycerol, 1-inositol, d( —) mannitol, d-sorbitol.
The exception was strain 1886M, which grew
only slightly on media with added l( +) rhamnose.
Growth was negligible to slight on the media
containing paraffin and the sodium salts of acetic,
citric, formic, oxalic, salicylic and tartaric acids.
No growth of any strain appeared on the media
with phenol and o-cresol, possibly due to the tox-
icity of these compounds.
The gross cultural morphology of the growth
on the experimental media resembled that on the
control Sabouraud's dextrose broth and agar
media. The colonies were grayish to jet black with
a velvety surface growth. In some cultures the
growth was mucoid and jet black. The production
of black pigment was evident in all tubes showing
growth.
Duplicate cultures using both the agar slant
and the platform liquid cultures gave similar
results. In subsequent studies, only the platform
liquid cultures were used. Preference was given
to this method because observation of the pig-
ment production, growth and pH changes could
be made more easily.
Utilization of Nitrogen Sources
As shown in Table I the organisms did not
grow on media containing ammonium, nitrate or
amino acid nitrogen, unless an available source
of carbon was present. The addition of a carbon
source to the same media effected good growth of
the fungus.
Significant growth appeared on media contain-
ing a carbon source, even in the absence of added
nitrogen. Inasmuch as nitrogen is regarded as
essential a nutrient as carbon, hydrogen and
oxygen in the growth and metabolism of organ-
isms, the inocula in these tubes must have ob-
tained their nitrogen requirements for growth
from sources other than those withheld experi-
mentally. The plausible sources are: (1) the im-
purities present in the reagents composing the
basal medium, (2) the blotting paper used for the
platform, and (3) atmospheric nitrogen. No
definite conclusion can be drawn as regards the
utilization of ammonium, nitrate and amino acid
nitrogen by this organism.
Vitamin Requirements
The growth of the fungus on solid media with
washed agar and on those with unwashed agar
did not differ significantly. Besides, the objection
that agar contains growth promoting factors ob-
viously does not hold true for the platform
method where liquid media are used. The results
obtained with agar slants and liquid media were
comparable.
None of the strains of Cladosporium wernecki
required an added source of vitamins for normal
growth. Luxuriant growth was noted on media
with or without the vitamins. These observations
confirm the results of de Area Leào (6) that
Cladosporium wernecki has no particular vitamin
requirement.
Effect of pH on Growth
Good growth of Cladosporium wernecki oc-
curred on media with hydrogen ion concentrations
varying from pH 2.5 to pH 7.5. Nickerson (7)
stated that pathogenic fungi, especially the der-
matophytes, are not exacting in their pH re-
quirements. Inasmuch as the initial pH of the
different experimental media, which varied from
3.1 to 5.9, fell within the range of hydrogen ion
concentrations affording good growth of the or-
ganism, the pH of the various media was not
adjusted nor buffered before inoculation.
The changes in pH brought about by the
growth of this organism in the different media
were also studied. The pH of the culture media
was determined after 6 weeks' growth and com-
pared with the initial pH. The differences in pH
varied with the different compositions of the
media, ranging from 0.1 to 2.9, mostly towards
the acid side. No definite correlation between
the changes in pH of the media and the amount
of growth of the organism was observed.
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SUMMARY
1. All five strains of Cladosporium wernecki
examined were able to utilize a wide variety of
saccharides and sugar alcohols as sources of
carbon.
2. Significant growth of Cladosporium wernecki
appeared on media, even without any added
source of nitrogen. The growth might be explained
by the presence of other nitrogen sources such as
the minute impurities in the chemicals used to
make up the basal medium, the blotting paper
comprising the platforms, and/or atmospheric
nitrogen.
3. Cladosporium wernecki was autotrophic for
vitamins.
4. It was capable of growing at hydrogen ion
concentrations ranging from pH 2.5 to pH 7.5.
5. Under the experimental conditions obtained
in this study, pigmentation appeared essentially
with growth and the organism did not seem to
be exacting in its requirements for pigment
production.
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